ABSTRACT
Introduction
Radiofrequency catheter ablation (RFCA) of the slow atrioventricular (AV) nodal pathway, guided by anatomic landmarks or targeting the slow pathway potential from intracardiac electrograms, has become the treatment of choice in symptomatic patients with AV nodal re-entrant tachycardia (AVNRT). 1 Based on the favorable clinical results, regardless of the presence of slow pathway following ablation, both the elimination of slow pathway conduction or persistence of dual AV node physiology without induction of AVNRT have been regarded as a successful RFCA end point of AVNRT. Thus, the elimination of the slow pathway conduction is not required, in terms of a cure, for AVNRT with ablation. [2] [3] [4] [5] [6] However, the mechanism of noninducibility of AVNRT despite the remaining slow pathway is still unclear.
To understand the mechanism of this noninducibility, we assessed changes in the electrophysiologic properties of the AV node after RFCA.
Subjects and Methods

Patients
The study subjects were 31 consecutive patients (39% men; mean age, 49±19 years) with typical AVNRT, who underwent slow pathway ablation. All patients had documented AVNRT by electrocardiogram. Antiarrhythmic drugs were withheld at least five half-lives before the electrophysiologic procedure. All of the induced AVNRT were slow/fast form of AVNRT. The dual AV node physiology was noted before ablation and persisted even after successful ablation procedure.
Electrophysiologic study
Each patient received an informed written consent form detailing the electrophysiologic study and ablation procedure. We Bloomfield, CO, USA) was used for the test, and intracardiac electrograms were filtered with band-pass of 30-500 Hz and amplified (2,500-10,000 times) using Prucka Cardio Lab 7000 system (G.E. Medical systems, Milwaukee, WI, USA).
Programmed stimulation from the high right atrium and right ventricular apex were performed. Incremental pacing or programmed stimulation using up to two extra stimuli testing were applied.
We measured the electrophysiologic parameters before and after the ablation procedure. We measured the heart rate, AV consecutive AV nodal echoes. We administered isoproterenol if it had been necessary for induction before ablation. We confirmed noninducibility 30 minutes after the last RF current.
All patients were followed up for at least 1 year, and no recurrence was observed.
The Hypothetical Suggestion of Mechanism of Noninducibility of AVNRT
Statistical Analysis
Statistical analysis was performed using SPSS for Windows 12.0. Continuous data were expressed as the mean±SD and were compared using two-tailed paired Student's t-test. P values <0.05
were regarded as statistically significant.
Results
Patients
Based on the end point of noniducibility of AVNRT, RF ablation was successful in all 31 patients. The mean age was 43±19 years, and 39% of the patients were men. All patients had dual AV node physiology, and the typical AVNRT was inducible.
None of the patients experienced AV node injury to show transient or persistent AH prolongation after delivery of RF energy.
AV node parameters
The electrophysiologic parameters before and after ablation are summarized in Table 1 . RF ablation did not lead to significant modification of the electrophysiologic properties of slow pathway. ablation. Baseline ERP of the fast pathway was 360±67 msec, which was shortened after the procedure (304±55 msec, p<0.001).
However, the ERP of the slow pathway showed no significant change before and after ablation (p=0.063). The differences between ERP of the fast and slow pathways significantly decreased (p=0.009). Maximal AH interval of the fast (p=0.329) and slow pathway (p=0.606) and the differences (p=0.512) between them did not change significantly.
Discussion
RFCA has achieved a status of curable treatment modality for AVNRT, 7, 8 and the elimination of slow pathway conduction is considered the standard treatment of AVNRT. However, it is accepted that the complete elimination of slow pathway conduction is not an absolute requirement for a favorable clinical outcome. 2, 4, 6 Slow pathway conduction remains to be observed in 24% to 68% of cases even after successful ablation of AVNRT, [2] [3] [4] [5] [6] in which of so-called slow pathway modification. This is an interesting phenomenon because an apparent failure of eliminating the actual target of ablation could result in a cessation of tachycardia. Several studies exploring the electrical change of slow pathway, suggest noninducibility of AVNRT despite the persistence of a slow pathway after RF ablation.
Previous studies of the changes in AV node physiology
As a summary of the previous studies, ablation of the SP could result in a variable degree of changes as shown in Table 2 . Similar to our study, Lindsay et al. 9 reported a decrease in the fast pathway ERP with no changes in other parameters including slow pathway ERP and maximal AH interval of the slow and fast pathway.
Haissaguerre et al. 10 reported that the maximal AH interval of the slow pathway decreased, and the differences between other parameters showed no significant changes. In this study, we included all patients with both complete elimination and modification of the slow pathway. Lastly, Posan et al. 11 have shown that slow pathway ERP increased after SP ablation, resulting in the decrease of differences between the ERP of the fast and slow pathways; similar to our results. 
Possible mechanisms of nonindicibility of AVNRT after slow pathway modifications
Although an inconsistent change in AV node physiology after the modified slow pathway was found, several mechanisms are proposed to explain this nonindicibility. First, the slow pathway itself may be partially injured and rendered unable to sustain tachycardia. 5 Second, the ablation may eliminate the culprit slow pathway and reveal another "non-arrhythmogenic" pathway that did not course through the region between the tricuspid annulus and the coronary sinus ostium. 12 Lastly, the interaction between the slow pathway and the fast pathway may have changed to prevent tachycardia. 13 Posan et al. 11 reported a decrease in the AH interval of the slow pathway after ablation and suggested a mechanism of a remnant single echo beat. The paradoxically-enhanced slow pathway conduction combined with the shortening of ERP of the retrograde fast pathway after ablation 14,15 resulted in a single echo.
In the present study, the maximal AH interval, ERP, and
Wenckebach cycle length of the slow pathway did not show significant differences between pre-and post-ablation. As shown in Table 2 , the electrophysiologic changes of the slow pathway after RFCA 5 were variable. Furthermore, the degree of those changes seemed to be mostly insignificant and not consistent. 3, 9, 16 Considering the results of previous studies, the concept of a simply injured slow pathway seems to be the lack of a rationale to explain the noninducibility.
A second hypothesis is based on an anatomic observation.
Inoue et al. 17 There are evidences of atrial tissue participation in the slow/fast form of AVNRT. 7, 12 One of which is a rare occurrence of a block 
Limitation
We based our explanation on the wavelength hypothesis. This concept assumes that the re-entrant path of AVNRT is a twodimensional structure and the tendon of Todaro functions as an electrical barrier such as the crista terminalis or the Eustachian ridge in the classical atrial flutter. However, these findings are not supported by solid electrophysiological evidence. Second, we cannot assure that current electrophysiologic measurements are truly relevant to the actual electrical changes of the damaged slow pathway, but we have to admit that no other comparable and 
Conclusion
We could not find any significant electrophysiologic changes in the slow pathway from the so-called SP "modification." We suggest that the mechanism of tachycardia elimination in AVNRT is related to an alteration of the re-entrant circuit by removal of the atrial tissue in Koch's triangle, which may be a critical component likely to provide the excitable gap for the maintenance of tachycardia rather than the electrical damage of the slow pathway itself.
